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(57) ABSTRACT

A rotation angle sensor 1s provided with a shaft portion hav-
ing a torsion bar, a rotation angle sensing portion for detecting
rotation angle of the shait portion, and a torque sensing por-
tion for detecting angle of torsion of the torsion bar. The
rotation angle sensing portion and the torque sensing portion
improve their own detecting accuracies by using each other’s
detecting result, whereby the rotation angle sensor can detect
rotation angle and angle of torsion of a multi-turn rotatable
body with high accuracy and high resolution.

6 Claims, 13 Drawing Sheets
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1
ROTATION ANGLE SENSOR

TECHNICAL FIELD

The present invention relates to a rotation angle sensor
used 1 a vehicle body control system of a vehicle, for
instance, and 1n particular to a rotation angle sensor for a
multi-turn steering wheel of a power steering system of a
vehicle, for instance.

BACKGROUND ART

Cited below are examples of rotation angle sensors used in
a vehicle body control system of a vehicle or the like.

There exist a method and a device for measuring the angle
ol a rotatable body as disclosed 1n Patent Document 1, for
instance. This 1s an example of a sensor for detecting rotation
angle of a rotatable body, such as an automotive steering
wheel, which rotates within a limited but over single-turn
range. The device shown in FIG. 12 disclosed in Patent Docu-
ment 1 detects the rotation angle from angles of rotation of
two rotatable bodies 50 and 51 having a phase difference.

Also, as an example, a below-described rotation angle sen-
sor 15 disclosed 1n Patent Document 2. Referring to FIG. 13,
the rotation angle sensor disclosed in Patent Document 2 1s
such that two gear portions 259 are attached to a rotary shait
(not shown) of which rotation angle is to be detected via a
hooking spring 260. These two gear portions 239 are engaged
with gear portions 262 which hold code disks 261 having
outer peripheral surfaces on which different magnetic poles
are alternately arranged. As the magnetic poles provided on
the code disks 261 move in rotary motion as a result of
rotation of the rotary shaft of which rotation angle 1s to be
detected, 1t 1s possible to detect the rotation angle of the rotary
shaft by counting displacements of the magnetic poles by
means of magnetism sensing devices 263 which are disposed
face to face with the outer peripheral surfaces of the code
disks 261.

With this rotation angle sensor attached to two shatts which
are interconnected by a torsion bar, for example, 1t 1s possible
to detect torque by comparing rotation angles of the rotary
shafts when the torque acts between the two shafts and torsion
occurs between the shafts.

A manufacturing process of the rotation angle sensor of
FIG. 13 includes a magnet forming step for magnetizing the
magnetic poles of the code disks 261 and a mounting step for
mounting the gear portions 262 in such a way that the gear
portions 262 mesh with the gear portions 259. Generally, the
magnetic poles of the code disks 261 are formed by setting the
gear portions 262 to which the unmagnetized code disks 26
have been attached 1n a magnetizer and magnetizing the code
disks 261 so that the different magnetic poles are alternately
formed along a circumierential direction of each code disk
261 at specific intervals. The two gear portions 262 are
attached to the rotary shait in such a way that the gear portions
262 face each other.

Also, while a structure for torque detection 1s generally
used 1n an electric power steering system, known types of
clectric power steering system include rack-assist type, pin-
ion-assist type and column-assist type which are selected
according to properties and specifications of the respective
types. The rack-assist type and the pinion-assist type are
disposed at a steering gearbox at an axle side whereas the
column-assist type 1s disposed at a steering column. Struc-
tures for detecting rotation angle disclosed 1n Patent Docu-
ments 1 and 2 are disposed at a steering column on a steering,
wheel side 1n most cases.
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The structure disclosed 1in Patent Document 1, however,
used to have a problem 1n that there has been a possibility that
a large measurement error could occur if rotation angles
detected by the two rotatable bodies 50, 51 deviate due to gear
looseness, for instance.

In the structure disclosed in Patent Document 2, a rotation
angle sensing portion for detecting the rotation angle and a
torque sensing portion for detecting the torque are combined
to form a single unit. Therefore, 1t 1s 1mpossible to use the
structure disclosed 1n Patent Document 2 1f 1t 1s intended to
dispose the rotation angle sensing portion at the steering
column and the torque sensing portion at the steering gear-
box, for instance.

Patent Document 1: Japanese Unexamined Patent Publica-
tion No. 1999-500828

Patent Document 2: Japanese Unexamined Patent Publica-
tion No. 1999-194007

DISCLOSURE OF THE INVENTION

It 1s an object of the present invention to provide a rotation
angle sensor which can detect rotation angle and torque of a
rotary shafit, such as a steering shaft, with high accuracy and
high resolution without errors.

A rotation angle sensor according to one aspect of the
present invention comprises a shait portion having a torsion
bar, a rotation angle sensing portion for detecting rotation
angle of the shait portion, and a torque sensing portion for
detecting angle of torsion of the torsion bar, wherein the
rotation angle sensing portion and the torque sensing portion
improve their own detecting accuracies by using each other’s
detecting result.

In the aforementioned rotation angle sensor, the rotation
angle sensor uses the detecting result of the torque sensing
portion when detecting the rotation angle of the shait portion.
On the other hand, the torque sensing portion uses the detect-
ing result of the rotation angle sensing portion when detecting
the torque acting on the shaft portion. Accordingly, it 1s pos-
sible to detect the rotation angle and torque of the shait
portion with higher accuracy and higher resolution as com-
pared to a conventional arrangement in which the rotation
angle and torque are separately detected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the basic configuration of a
rotation angle sensor according to a first embodiment of the
present invention;

FIG. 2 1s a block diagram showing the circuit configuration
of the rotation angle sensor of FIG. 1;

FIG. 3 1s a diagram showing the basic configuration of a
torque sensing portion 3 of FIGS. 1 and 2;

FIGS. 4A and 4B are diagrams showing an operating prin-
ciple of the torque sensing portion 3 of FIGS. 1 and 2;

FIG. 5 1s a diagram showing detected waveforms represen-
tative of absolute rotation angle of a shait portion detected by
the rotation angle sensor of FIG. 1;

FIG. 6 1s a diagram showing the basic configuration of a
rotation angle sensor according to a second embodiment of
the present invention;

FI1G. 7 1s a block diagram showing the circuit configuration
of the rotation angle sensor of FIG. 6;

FIG. 8 1s a diagram showing detected wavelorms represen-
tative of absolute rotation angle of a shait portion detected by
the rotation angle sensor of FIG. 6;
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FIG. 9 1s a cross-sectional view showing the configuration
ol a torque sensing portion provided in a rotation angle sensor
according to a third embodiment of the present invention;

FIG. 10 1s a top view showing the configuration of a rota-
tion angle sensing portion provided in the rotation angle
sensor according to the present embodiment;

FIG. 11 1s a cross-sectional view taken along lines A-A of
FIG. 10;

FI1G. 12 1s a diagram showing the configuration of a con-
ventional rotation angle sensor; and

FI1G. 13 1s a diagram showing the configuration of another
conventional rotation angle sensor.

BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention are described here-
inbelow with reference to the accompanying drawings,
wherein the same or similar elements are designated by the
same or similar reference numerals and a description of those
clements may not be provided.

First Embodiment

FIG. 1 1s a diagram showing the basic configuration of a
rotation angle sensor according to a first embodiment of the
present invention, FIG. 2 1s a block diagram showing the
circuit configuration of the rotation angle sensor of FIG. 1,
FIG. 3 1s a diagram showing the basic configuration of a
torque sensing portion 3 of FIGS. 1 and 2, FIGS. 4A and 4B
are diagrams showing an operating principle of the torque
sensing portion 3 of FIGS. 1 and 2, and FIG. 5 1s a diagram
showing detected wavelorms representative of absolute rota-
tion angle of a shait portion detected by the rotation angle

sensor of FIG. 1.

Referring to FIG. 1, the rotation angle sensor according to
the first embodiment of the present ivention comprises a
rotation angle sensing portion 2 for detecting rotation angle of
the shaft portion 1, such as a steering shaft, the torque sensing,
portion 3 and a sertal communication line 4. The rotation
angle sensing portion 2 includes a first rotatable body S hav-
ing a worm portion, a second rotatable body 6 having a wheel
portion which 1s joined to the worm portion of the first rotat-
able body 5, a magnet 7 disposed at a central part of the
second rotatable body 6 and a first sensing part 8 for detecting
the rotation angle of the shait portion 1. The worm portion of
the first rotatable body 5 1s meshed with the wheel portion of
the second rotatable body 6, so that when the first rotatable
body 5 rotates, the second rotatable body 6 rotates at a speed
ratio determined by the ratio of the numbers of teeth of the
worm portion and the wheel portion.

In the rotation angle sensor of the present embodiment, the
rotation angle sensing portion 2 1s disposed at a steering
column on a steering wheel side whereas the torque sensing
portion 3 1s disposed at a steering gearbox on an axle side with
respect to the shait portion 1 which 1s a steering shaft con-
necting a steering wheel of a vehicle to an axle thereof.

The rotation angle sensing portion 2 of FIG. 1 further
includes a microcomputer (hereinafter reterred to as CPU) 9
for processing signals of the first sensing part 8 as shown 1n
FIG. 2. The CPU 9 1s connected to the torque sensing portion
3 via the serial communication line 4.

Described below 1s a case where a magnetic resistance
clement (MR element) 1s used as the first sensing part 8. The
magnetic resistance element outputs a sine wave signal and a
cosine wave signal in analog form when the direction of a
magnetic field varies. When detecting changes 1n the direc-
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tion of the magnetic field of the magnet 7 by the first sensing
part 8, 1t 1s possible to obtain one-cycle sine wave signal and
cosine wave signal outputs for a 180-degree rotation. Upon
receiving these outputs, the CPU 9 can calculate rotation
angle of the magnet 7, that 1s, rotation angle of the second
rotatable body 6, by processing the entered outputs by means
of an analog-to-digital (A/D) converter provided in the CPU
9. On the other hand, there 1s made an arrangement that
enables the CPU 9 to take in high-accuracy, high-resolution
rotation angle of 360 degrees or less detected by the torque
sensing portion 3 which 1s fitted and locked onto the shaft
portion 1 via the serial communication line 4.

Next, the torque sensing portion 3 1s described with refer-
ence to FI1G. 3.

Reterring to FIG. 3, the torque sensing portion 3 includes a
stator 13, a first resolver mechanism 14 and a second resolver
mechamism 15. The first resolver mechanism 14 detects rota-
tion angle of an input shait 10 of the shaft portion 1 joined to
the steering wheel while the second resolver mechanism 135
detects rotation angle of an output shaft 12 ofthe shait portion
1 joined to the axle. The first resolver mechanism 14 includes
a resolver output winding 16 disposed on the stator 13 and a
resolver excitation winding 17 disposed on the input shaft 10,
whereas the second resolver mechanism 135 includes a
resolver output winding 18 disposed on the stator 13 and a
resolver excitation winding 19 disposed on the output shaft
12. The input shaft 10 and the output shaft 12 are linked to
cach other by a torsion bar 11.

Next, the working of the torque sensing portion 3 1is
described with reference to FIGS. 4A and 4B.

Referring to FIG. 4A, the resolver output windings 16 and
18 disposed on the stator 13 of FIG. 3 constitute an excitation
winding 20 and a position output winding 21, respectively.
Excitation voltages sin wt and cos wt output from the excita-
tion winding 20 are delivered to the resolver excitation wind-
ings 17 and 19 disposed on rotors provided at the input shaft
10 and the output shait 12. As these excitation voltages are
superimposed, a voltage proportional to the rotation angle 0
of the mput shaft 10 or the output shaft 12 1s fed back to the
position output winding 21. In a signal diagram of FIG. 4B, a
horizontal axis shows time t and a vertical axis shows excita-
tion voltage and position output voltage, wherein sin wt rep-
resents the excitation voltage output from the excitation
winding 20 and sin{wt+0) represents the position output volt-
age Ted back to the position output winding 21. A phase angle
of the position output voltage relative to that of the excitation
voltage gives the rotation angle of the mput shaft 10 or the
output shait 12.

FIG. 5 shows individual detected wavelorms representa-
tive of the rotation angle of the second rotatable body 6 built
in the rotation angle sensing portion 2 and rotation angle of a
resolver built in the torque sensing portion 3. In an upper part
of FIG. §, a horizontal axis shows the rotation angle of the
shaft portion 1 and a vertical axis shows the rotation angle
taken 1n from the torque sensing portion 3. The rotation angle
taken 1n from the torque sensing portion 3 may be the rotation
angle of the mput shaft 10 detected by the torque sensing
portion 3, for example.

On the other hand, 1n a lower part of FIG. 5, a horizontal
axis shows the rotation angle of the shaft portion 1 and a
vertical axis shows the rotation angle of the second rotatable
body 6. The rotation angle of the second rotatable body 6 1s
what 1s calculated by the CPU 9 from the signals of the first
sensing part 8. The first sensing part 8 (magnetic resistance
clement) detects changes 1n the direction of the magnetic field
of the magnet 7 which 1s disposed at the central part of the
second rotatable body 6 and outputs the one-cycle sine wave
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signal and cosine wave signal for one-half rotation of the
magnet 7. It 1s possible to calculate the rotation angle of the
second rotatable body 6 by processing these outputs by the
CPU9.

Next, a rotation angle sensing method of the rotation angle
sensor according to the first embodiment of the present inven-
tion 1s described. Referring to FIGS. 1 and 2, when the shaft
portion 1 rotates, the magnet 7 disposed at the center of the
second rotatable body 6 rotates as a result of rotation of the
wheel portion of the second rotatable body 6 joined to the
worm portion of the first rotatable body 5 of the rotation angle
sensing portion 2.

Provided that the number of teeth of the worm portion of
the first rotatable body 5 1s “a” and the number of teeth of the
wheel portion of the second rotatable body 6 1s “b”, the
second rotatable body 6 turns at a speed a/b times a rotating
speed of the first rotatable body 5. As the numbers of teeth “a”
and “b” ol the individual gears of the first rotatable body S and
the second rotatable body 6 are properly selected, the second
rotatable body 6 rotates at a speed sulliciently lower than the
rotating speed of the first rotatable body 5. The outputs of the
first sensing part 8 located at a position opposed to the magnet
7 disposed at the central part of the second rotatable body 6
vary when changes in the direction of the magnetic field
caused by rotation of the magnet 7 are detected. The CPU 9
takes 1in the outputs of the first sensing part 8 through the A/D
converter. The second rotatable body 6 turns 180 degrees for
a’/20-degree rotation angle of the shaft portion 1. The rotation
angle of the shaft portion 1 1s calculated by the CPU 9 by
processing the signals of the first sensing part 8.

On the other hand, the torque sensing portion 3 disposed
coaxially with the shaft portion 1 determines angle of torsion
of the torsion bar 11 from a difference between rotation
angles of the first resolver mechanism 14 and the second
resolver mechanism 15 as shown in FIGS. 3 and 4 and con-
verts the angle of torsion 1into a torque value. The CPU 9 of the
rotation angle sensing portion 2 takes 1n the rotation angle of
the mput shaft 10 of the shaft portion 1 which 1s joined to the
steering wheel from the first resolver mechanism 14 through
the serial communication line 4. FIG. 5 depicts behaviors of
the rotation angle of the torque sensing portion 3 and the
rotation angle of the second rotatable body 6 which vary with
rotation of the shaft portion 1. FIG. 5 shows that the torque
sensing portion 3 can detect the rotation angle of the shaft
portion 1 with high accuracy and high resolution within a
rotation angle sensing range of 45 degrees.

Now, specific processing steps of the rotation angle sensing
method are described. A procedure for detecting absolute
rotation angle of rotation angle A of the shaft portion 1 1s
described with reference to FIG. 5, for example. The rotation
angle sensing portion 2 determines the rotation angle A mea-
sured from an 1nitial position (0 degrees) of the shait portion
1 from rotation angle C of the second rotatable body 6. Fre-
quency ol revolutions of the first resolver mechanism 14 from
an 1nitial position thereot 1s determined by dividing the rota-
tion angle A by 45 degrees which 1s the rotation angle sensing
range of the first resolver mechanism 14 of the torque sensing
portion 3. FIG. § shows rotation angle B in a fourth rotating
cycle. On the other hand, the rotation angle B of the torque
sensing portion 3 at the rotation angle A of the shaft portion 1
1s taken 1nto the rotation angle sensing portion 2.

In this case, the absolute rotation angle of the rotation angle
A of the shaft portion 1 1s obtained by adding the rotation
angle B of the torque sensing portion 3 to three cycles of the
45-degree rotation angle sensing range of the first resolver
mechanism 14 of the torque sensing portion 3. Specifically,
because “45 degreesx{(rotation angle A)/45 degrees}=45
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degreesx3=135 degrees (where the valuein { } is aninteger)”,
it 1s possible to calculate the absolute rotation angle of the
rotation angle A by “135 degrees+(rotation angle B)”.

Second Embodiment

A second embodiment of the present invention 1s now
described with reference to FIGS. 6 to 8. FIG. 6 1s a diagram
showing the basic configuration of a rotation angle sensor
according to the second embodiment of the present invention,
FIG. 7 1s a block diagram showing the circuit configuration of
the rotation angle sensor of FIG. 6, and FIG. 8 1s a diagram
showing detected wavelorms representative of absolute rota-
tion angle of a shait portion detected by the rotation angle
sensor of FIG. 6.

Referring to FIGS. 6 and 7, the rotation angle sensor
according to the second embodiment of the present invention
comprises a rotation angle sensing portion 2 for detecting
rotation angle of the shaft portion 1, such as a steering shaft,
a torque sensing portion 3 and a serial communication line 4.
The rotation angle sensing portion 2 includes a first rotatable
body 25 made of a gear joined to the shaft portion 1, a second
rotatable body 26 made of a gear joined to the gear of the first
rotatable body 25, amagnet 27 disposed at a central part of the
second rotatable body 26, a third rotatable body 29 made of a
gear joined to the gear of the second rotatable body 26 and a
magnet 30 disposed at a central part o the third rotatable body
29. The numbers of teeth of the second rotatable body 26 and
the third rotatable body 29 are made different from each other.

The rotation angle sensing portion 2 of FIG. 6 further
includes a first sensing part 28 located at a position opposed to
the magnet 27 of the second rotatable body 26 for detecting
rotation angle of the second rotatable body and a second
sensing part 31 located at a position opposed to the magnet 30
of the third rotatable body 29 for detecting rotation angle of
the third rotatable body 29. The first sensing part 28 and the
second sensing part 31 are connected to a CPU (microcom-
puter) 32 as shown in FIG. 7.

As 1n the foregoing first embodiment, magnetic resistance
clements are used 1n the first sensing part 28 and the second
sensing part 31 and outputs thereof are processed by means of
an A/D converter provided 1in the CPU 32 to calculate rotation
angles of the magnet 27 and the magnet 30, that 1s, the rotation
angles of the second rotatable body 26 and the third rotatable
body 29. On the other hand, there 1s made an arrangement that
enables the CPU 32 to take 1n high-accuracy, high-resolution
rotation angle of 360 degrees or less detected by the torque
sensing portion 3 which 1s fitted and locked onto the shaift
portion 1 via the serial communication line 4. The torque
sensing portion 3 of the present embodiment has the same
coniiguration as the torque sensing portion 3 o the aforemen-
tioned first embodiment. FIG. 8 shows individual detected
wavelorms representative of the rotation angles of the second
and third rotatable bodies 26, 29 built in the rotation angle
sensing portion 2 and rotation angle of a resolver built in the
torque sensing portion 3. In a first part of FIG. 8 from top, a
horizontal axis shows the rotation angle of the shait portion 1
and a vertical axis shows the rotation angle of the second
rotatable body 26. This latter rotation angle 1s what 1s calcu-
lated by the CPU 32 from signals of the first sensing part 28.
In a second part of FIG. 8 from top, a horizontal axis shows
the rotation angle of the shaft portion 1 and a vertical axis
shows the rotation angle of the third rotatable body 29. Thus
latter rotation angle 1s what 1s calculated by the CPU 32 from
signals of the second sensing part 31. In a third part of FIG. 8
from top, a horizontal axis shows the rotation angle of the
shaft portion 1 and a vertical axis shows a difference between
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the rotation angles of the second rotatable body 26 and the
third rotatable body 29. In a fourth part of FIG. 8 from top, a
horizontal axis shows the rotation angle of the shatt portion 1
and a vertical axis shows the rotation angle taken 1n from the
torque sensing portion 3. The rotation angle taken in from the
torque sensing portion 3 1s rotation angle of an input shaft 10.
The first sensing part 28 (magnetic resistance element)
detects changes in the direction of a magnetic field of the
magnet 27 which 1s disposed at the central part of the second
rotatable body 26 and outputs one-cycle sine wave and cosine
wave signals for one-halfl rotation of the magnet 27. It 1s
possible to calculate the rotation angle of the second rotatable
body 26 by processing these outputs by the CPU 32. The
second sensing part 31 detects changes in the direction of a
magnetic field of the magnet 30 which 1s disposed at the
central part of the third rotatable body 29 and outputs one-
cycle sine wave and cosine wave signals for one-half rotation
of the magnet 30. It 1s possible to calculate the rotation angle
of the third rotatable body 29 by processing these outputs by
the CPU 32. The torque sensing portion 3 uses the resolver as
in the first embodiment. Next, a rotation angle sensing
method of the rotation angle sensor according to the second
embodiment of the present invention 1s described. Referring
to FIGS. 6 to 8, when the shaft portion 1 rotates, the second
rotatable body 26 1s caused to rotate by rotation of the gear of
the second rotatable body 26 joined to the gear of the first
rotatable body 25 of the rotation angle sensing portion 2. At
the same time, the third rotatable body 29 1s caused to rotate
by the gear of the third rotatable body 29 joined to the gear of
the second rotatable body 26. Since the number of the teeth of
the gear of the second rotatable body 26 and the number of the
teeth of the gear o the third rotatable body 29 differ from each
other, the second and third rotatable bodies 26, 29 rotate at
different periods ol revolution. The outputs of the first sensing
part 28 located at the position opposed to the magnet 27
disposed at the central part of the second rotatable body 26
vary when the direction of the magnetic field of the magnet 27
of the rotating second rotatable body 26 1s detected. The CPU
32 takes 1n the outputs of the first sensing part 28 through the
A/D converter provided in the CPU 32. At the same time, the
CPU 32 takes 1in the outputs of the second sensing part 31 for
detecting the direction of the magnetic field of the magnet 30
disposed at the central part of the third rotatable body 29
through the A/D converter provided in the CPU 32. Since the
torque sensing portion 3 uses the resolver as in the first
embodiment, 1t 1s possible to detect the rotation angle of the
shaft portion 1 with high accuracy and high resolution within
a rotation angle sensing range of 45 degrees. The CPU 32 of
the rotation angle sensing portion 2 takes in the rotation angle
of the mnput shaft of the shait portion 1 which 1s linked to the
steering wheel via the serial communication line 4 from the
first resolver mechanism 14. Now, specific processing steps
of the rotation angle sensing method are described. A proce-
dure for detecting absolute rotation angle of rotation angle A
ol the shaft portion 1 1s described with reference to FIG. 8, for
example. As shown 1n FIG. 8, the rotation angle sensing
portion 2 takes 1n rotation angle B obtained from the torque
sensing portion 3 when the rotation angle of the shatit portion
1 1s “A”. On the other hand, it 1s possible to determine the
rotation angle A measured from an 1nitial position (O degrees)
of the shaft portion 1 from the difference .

E between rotation
angle C of the second rotatable body 26 and rotation angle D
of the third rotatable body 29 when the rotation angle of the
shaft portion 1 1s “A”. Frequency of revolutions of the first
resolver mechanism 14 of the torque sensing portion 3 from
an 1nitial position thereot 1s determined by dividing the rota-
tion angle A by 45 degrees which 1s a rotation angle sensing,
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range of the first resolver mechanism 14. FIG. 8 shows the
rotation angle B 1n a sixth rotating cycle. In this case, the
absolute rotation angle of the rotation angle A of the shaft
portion 1 1s obtained by adding the rotation angle B of the
torque sensing portion 3 to five cycles of the 45-degree rota-
tion angle sensmg range of the first resolver mechanism 14 of
the torque sensing portion 3. Specifically, because 45
degreesx{ (rotation angle A)/45 degrees }=45 degreesx5=225
degrees (where the value in { } is an integer)”, it is possible to
calculate the absolute rotation angle of the rotation angle A by
“225 degrees+(rotation angle B)”. According to the first and
second embodiments of the present invention, 1t 1s possible to
detect the rotation angle of the shait portion by the rotation
angle sensing portion. Especially because the angle of torsion
ol the torsion bar 1s made smaller than the rotation angle of the
shaft portion and the rotation angle of the shait portion 1s
detected based on the angle of torsion of the torsion bar, it 1s
possible to detect the rotation angle of the shaft portion with
high accuracy and high resolution.

Third E

Embodiment

A third embodiment of the present invention 1s now
described with reference to the drawings.

FIG. 9 1s a cross-sectional view showing the configuration
of a torque sensing portion provided in a rotation angle sensor
according to the third embodiment of the present invention,
FIG. 10 1s a top view showing the configuration of a rotation
angle sensing portion provided in the rotation angle sensor
according to the present embodiment, and FIG. 11 1s a cross-
sectional view taken along lines A-A of FIG. 10.

Referring to FIGS. 9 to 11, the rotation angle sensor
according to the third embodiment of the present mvention
comprises a shaft portion 208 formed 1n a single rigid struc-
ture in which an input shaft 204 and an output shait 206 are
joined at both ends of a torsion bar 202, a torque sensing
portion for detecting torque acting on the shait portion 208
and the rotation angle sensing portion for detecting rotation
angle of the shait portion 208.

As shown i FIG. 9, the torque sensing portion of the
rotation angle sensor according to the present embodiment
includes a first rotatable body 210 and a second rotatable body
212 which are joined to the shait portion 208 as 1f sandwich-
ing the torsion bar 202, a first ring magnet portion 214 and a
second ring magnet portion 216 which are held by the first and
second rotatable bodies 210, 212 with magnetic poles having
different polarities arranged alternately along circumierential
directions of the first and second rotatable bodies 210, 212,
and a first magnetism sensing device 218 and a second mag-
netism sensing device 220 which are disposed face to face
with the magnetic poles of the first and second ring magnet
portions 214, 216, respectively. The first magnetism sensing
device 218 and the second magnetism sensing device 220
detect changes 1n magnetic fields. Provided that the number
of the magnetic poles of each of the first ring magnet portion
214 and the second ring magnet portion 216 1s X, an angle Y
per pole 1s (360 degrees)/X. Also, it 1s assumed that a maxi-
mum value of a difference between rotation angles of the first
rotatable body 210 and the second rotatable body 212 caused
by the occurrence of torque 1s Z (Z<(Y/2)).

As shown 1 FIGS. 10 and 11, the rotation angle sensing
portion of the rotation angle sensor according to the present
embodiment includes a synchronizing rotatable body 211
which 1s joined to the shait portion 208 and synchronizes with
the first rotatable body 210 of the aforementioned torque
sensing portion, a third rotatable body 222 and a fourth rotat-
able body 224 which synchronize with the synchronizing
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rotatable body 211, a third magnet portion 228 and a fourth
magnet portion (not shown) which are held by the third and
fourth rotatable bodies 222, 224 with magnetic poles having
different polarnties arranged alternately along circumierential
directions of the third and fourth rotatable bodies 222, 224,
and a third magnetism sensing device 226 and a fourth mag-
netism sensing device 227 which are disposed face to face
with the magnetic poles of the third magnetism sensing
device 226 and the fourth magnet portion, respectively. The
third magnetism sensing device 226 and the fourth magne-
tism sensing device 227 detect changes in magnetic fields.

The synchronizing rotatable body 211 and the third and
tourth rotatable bodies 222, 224 individually have gear struc-
tures and rotate 1n synchronism with one another with teeth of
the third rotatable body 222 meshed with teeth of the syn-
chronizing rotatable body 211 and teeth of the fourth rotat-
able body 224 meshed with the teeth of the third rotatable
body 222. Gears of the third and fourth rotatable bodies 222,
224 have different numbers of teeth so that the ratio of the
number of revolutions of the third rotatable body 222 to the
number of revolutions of the synchronizing rotatable body
211 differs from the ratio of the number of revolutions of the
tourth rotatable body 224 to the number of revolutions of the
synchronizing rotatable body 211. Provided that the number
of the teeth of the gear of the synchronizing rotatable body
211 1s ¢, the number of the teeth of the gear of the third
rotatable body 222 1s 3 and the number of the teeth of the gear
of the fourth rotatable body 224 1s v, the third rotatable body
222 turns at a speed o/ff times a rotating speed of the syn-
chronizing rotatable body 211 and the fourth rotatable body
224 turns at a speed o/y times the rotating speed of the
synchronizing rotatable body 211.

It 1s possible to determine rotation angle of the synchro-
nizing rotatable body 211 over multiple revolutions thereof
from a difference between rotation angles of the third rotat-
able body 222 and the fourth rotatable body 224 by properly
selecting the numbers of the teeth o, p, v of the gears.

Next, the working of the rotation angle sensing portion and
the torque sensing portion of the rotation angle sensor of the
present embodiment 1s described.

In the absence of torque, the input shaft 204, the torsion bar
202 and the output shait 206 rotate as a single structure, so
that when the mput shait 204 rotates, the second rotatable
body 212 also rotates in synchronism with the input shait 204.
When the output shaft 206 rotates, the third and fourth rotat-
able bodies 222, 224 also rotate in synchronism while the first
rotatable body 210 and the synchronizing rotatable body 211
rotate 1n synchronism with each other. It 1s possible to esti-
mate which one of the X number of the magnetic poles of the
first ring magnet portion 214 on the first rotatable body 210 1s
disposed face to face with the first magnetism sensing device
218 and determine which one of the Y-degree angular posi-
tions of the individual magnetic poles faces the first magne-
tism sensing device 218 with reference to the rotation angle of
the synchromzing rotatable body 211.

When the torque occurs, the second rotatable body 212
deviates from the first rotatable body 210 1n angular position
by Z degrees at a maximum. In this case, 1t 1s supposed that
one of the X number of the magnetic poles of the second ring
magnet portion 216 located at the same position as the first
rotatable body 210 faces the second magnetism sensing
device 220 or, because Z<(Y/2), the magnetic pole adjacent to
the magnetic pole located at the same position as the first
rotatable body 210 faces the second magnetism sensing
device 220. In addition, the second rotatable body 212 does
not show the Y-degree angular position of the same magnetic
pole of the second ring magnet portion 216 while the second
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rotatable body 212 deviates by Z degrees due to the occur-
rence of the torque. Therelore, 1t 1s possible to detect the
Y-degree angular position of the magnetic pole of the second
ring magnet portion 216 facing the second magnetism sens-
ing device 220.

Further, the rotation angle sensing portion and the torque
sensing portion are configured as a rotation angle sensor
module and a torque sensor module, respectively, and the
individual modules are separately mounted on the shaft por-
tion 208. For example, the rotation angle sensor module 1s
disposed at a steering column portion and the torque sensor
module 1s disposed at a steering gearbox portion.

As specific means for correcting torque detected by the
torque sensing portion, rotation angle data of the first rotat-
able body 210 and rotation angle data of the second rotatable
body 212 corresponding to the synchronizing rotatable body
211 are prestored 1n a memory. This correcting means verifies
which magnetic pole of the first ring magnet portion 214 of
the first rotatable body 210 faces the first magnetism sensing
device 218 and what angle 1s detected by the first rotatable
body 210 from the rotation angle of the synchromzing rotat-
able body 211 and the rotation angle of the firstrotatable body
210 and corrects the rotation angle of the first rotatable body
210 based on the rotation angle data prestored in the memory.
This operation 1s similarly made for the second rotatable body

212.

As an example, 1t 1s assumed that the rotation angle of the
first rotatable body 210 detected by the first magnetism sens-
ing device 218 1s “a” degrees, the rotation angle of the second
rotatable body 212 detected by the second magnetism sensing
device 220 1s “b” degrees, and the rotation angle of the syn-
chronizing rotatable body 211 detected by the third magne-
tism sensing device 226 and the fourth magnetism sensing
device 227 1s “c” degrees.

Since the synchromzing rotatable body 211 and the first
rotatable body 210 rotate 1n synchronism with each other, 1t 1s
possible to determine from the rotation angle “c” of the syn-
chronizing rotatable body 211 that one of the X number of the
magnetic poles on the first rotatable body 210 detected by the
first magnetism sensing device 218 1s a dth magnetic pole.
Further, 11 the rotation angle of the synchromzmg rotatable
body 211 1s “c¢” and angle correction data 1s “e”

¢” when the
rotation angle of the first rotatable body 210 1s *“a”, the rota-
tion angle of the first rotatable body 210 becomes (a-¢)
degrees.

There 1s a case where an angular deviation of the second
rotatable body 212 from the synchronizing rotatable body
211 occurs due to torque acting on the first rotatable body
210. Even 1n this case, the detected magnetic pole 1s the dth,
(d—1)th or (d+1)th magnetic pole of the X number of the
magnetic poles of the second ring magnet portion 216
because the amount of the angular deviation 1s smaller than
the angular width (Y/2) of each magnetic pole. Theretfore, the
angle “b” of the second rotatable body 212 1s uniquely deter-
mined for the angle “c” of the synchronizing rotatable body
211. I the rotation angle of the synchronizing rotatable body
211 1s “c” and angle correction data 1s “”” when the rotation
angle of the first rotatable body 210 1s “b”, the rotation angle
of the second rotatable body 212 becomes (b—1) degrees. The
torque sensing portion detects a torque of (a—e)—(b-1).

Accordingly, 1t 1s possible to improve torque detecting
accuracy because the rotation angles of the first and second
rotatable bodies are corrected based on the rotation angle of
the synchronizing rotatable body of the rotation angle sensing
portion even when the rotation angle of the first rotatable
body and the rotation angle of the second rotatable body of the
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torque sensing portion differ from true rotation angles due to
variations 1n size ol the magnetic poles, for mstance.

According to the third embodiment of the present inven-
tion, 1t 1s possible to improve the torque detecting accuracy as
the rotation angle sensing portion and the torque sensing
portion operate 1n a cooperative fashion. In particular, even
when the module of the rotation angle sensing portion 1s
disposed at the steering column portion and the module of the
torque sensing portion 1s disposed at the steering gearbox
portion, the rotation angle sensing portion and the torque
sensing portion can improve the detecting accuracy, working
cooperatively with each other.

From the individual embodiments thus far described, the
present 1vention 1s summarized as mentioned hereunder.
Specifically, a rotation angle sensor of the invention com-
prises a shalt portion having a torsion bar, a rotation angle
sensing portion for detecting rotation angle of the shaft por-
tion, and a torque sensing portion for detecting angle of
torsion of the torsion bar, wherein the rotation angle sensing
portion and the torque sensing portion improve their own
detecting accuracies by using each other’s detecting result.

In the aforementioned rotation angle sensor, the rotation
angle sensor uses the detecting result of the torque sensing
portion when detecting the rotation angle of the shait portion.
On the other hand, the torque sensing portion uses the detect-
ing result of the rotation angle sensing portion when detecting
the torque acting on the shaft portion. Accordingly, 1t 1s pos-
sible to detect the rotation angle and torque of the shait
portion with higher accuracy and higher resolution as com-
pared to a conventional arrangement 1n which the rotation
angle and torque are separately detected.

In the aforementioned rotation angle sensor, the rotation
angle sensing portion preferably detects the rotation angle of
the shaft portion based on rotation angle of an input side or an
output side of the torsion bar which 1s used by the torque
sensing portion when detecting the angle of torsion of the
torsion bar.

In this case, it 1s possible to detect the rotation angle of the
shaft portion with higher accuracy and higher resolution com-
pared to a case where the rotation angle of the shait portion 1s
calculated only from the rotation angle detected by the rota-
tion angle sensing portion.

In the aforementioned rotation angle sensor, the rotation
angle sensing portion preferably includes a first rotatable
body which 1s joined to the shait portion and rotates 1n syn-
chronism with rotation of the shaft portion, a second rotatable
body which rotates 1n synchronism with rotation of the first
rotatable body, and a first sensing part for detecting rotation
angle of the second rotatable body, wherein the second rotat-
able body rotates at a lower speed than the first rotatable body.

In this case, 1t 1s possible to detect the rotation angle of the
shaft portion over multiple revolutions thereol because the
rotation angle of the shaft portion 1s detected from the rotation
angle of the second rotatable body which rotates 1n synchro-
nism with but at a lower speed than the first rotatable body.

In the alorementioned rotation angle sensor, the rotation
angle sensing portion may preferably include a first rotatable
body which 1s joined to the shait portion and rotates 1n syn-
chronism with rotation of the shaft portion, a second rotatable
body which rotates in synchronism with the first rotatable
body, a third rotatable body which rotates 1n synchronism
with the second rotatable body, and first and second sensing,
parts for detecting rotation angles of the second and third
rotatable bodies, wherein the ratio of the number of revolu-
tions of the second rotatable body to the number of revolu-
tions of the first rotatable body and the ratio of the number of
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revolutions of the third rotatable body to the number of revo-
lutions of the first rotatable body differ from each other.

In this case, it 1s possible to detect the rotation angle of the
shaft portion over multiple revolutions thereol because the
rotation angle of the shaft portion 1s detected from a differ-
ence between the rotation angles of the second and third
rotatable bodies which rotate at the different ratios of the
number of revolutions to the number of revolutions of the first
rotatable body which rotates 1n synchronism with the shaft
portion.

In the aforementioned rotation angle sensor, the torque
sensing portion preferably includes first and second resolver
mechanisms each having a resolver excitation winding joined
to the torsion bar and a resolver output winding which outputs
a signal corresponding to rotation angle of the torsion bar
produced by excitation by the resolver excitation winding as
a result of rotation of the torsion bar, wherein the first resolver
mechanism 1s disposed at the input side of the torsion bar and
the second resolver mechanism 1s disposed at the output side
of the torsion bar.

In this case, 1t 1s possible to detect the rotation angles of the
input side and the output side of the torsion bar with high
accuracy without the influence of a magnetic field or an
clectric field.

In the aforementioned rotation angle sensor, the torque
sensing portion preferably includes first and second rotatable
bodies which are joined respectively to the input side and the
output side of the torsion bar 1n such a manner that each of the
first and second rotatable bodies sandwiches the torsion bar,
whereby the torque sensing portion detects the angle of tor-
s1on of the torsion bar based on a difference between rotation
angles of the first and second rotatable bodies, and the rota-
tion angle sensing portion preferably imncludes a synchroniz-
ing rotatable body which 1s joined to the shaft portion and
rotates 1n synchromism with rotation of the first rotatable
body, whereby the rotation angle sensing portion detects the
rotation angle of the shait portion based on rotation angle of
the synchronizing rotatable body, wherein the rotation angles
of the first and second rotatable bodies are corrected based on
the rotation angle of the synchronizing rotatable body.

In this case, 1t 1s possible to improve detecting accuracy of
the rotation angles of the first and second rotatable bodies
because when the torque sensing portion detects the rotation
angles of the mput side and the output side of the torsion bar,
the rotation angles of the first and second rotatable bodies
used for detection ol the rotation angles of individual shatts of
the torsion bar are corrected based on the rotation angle of the
synchronizing rotatable body of the rotation angle sensing
portion for detecting the rotation angle of the shait portion.

In the aforementioned rotation angle sensor, the rotation
angles of the first and second rotatable bodies are preferably
corrected based on prestored data on correcting angles by
which the rotation angles of the first and second rotatable
bodies are to be corrected with reference to the rotation angle
of the synchronizing rotatable body.

In this case, 1t 1s possible to efficiently correct the rotation
angles of the first and second rotatable bodies because data
necessary for correcting the rotation angles of the first and
second rotatable bodies are collected and stored 1n advance
and can be used when making corrections.

In the aforementioned rotation angle sensor, the rotation
angle sensing portion and the torque sensing portion are pret-
erably configured as modules separately mounted on the shaft
portion, wherein the module of the rotation angle sensing
portion 1s disposed at a steering column portion and the mod-
ule of the torque sensing portion 1s disposed at a steering
gearbox portion.
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In this case, 1t 1s possible to enhance detecting accuracy of
the rotation angle and torque of the shaft portion by the
rotation angle sensing portion disposed at the steering column
portion and the torque sensing portion disposed at the steering,
gearbox portion.

INDUSTRIAL APPLICABILITY

A rotation angle sensor according to the present invention
can be mounted on a steering shaft, for instance. The rotation
angle sensor with a simple configuration can detect absolute
rotation angle of a multi-turn steering wheel with high accu-
racy and high resolution and can be used in power steering,
systems of various kinds of vehicles, for instance.

The rotation angle sensor of the present invention, 1n which
a rotation angle sensing portion and a torque sensing portion
work cooperatively with each other, can provide improved
detecting accuracy and can be used 1n power steering systems
of various kinds of vehicles, for instance.

The mvention claimed 1s:

1. A rotation angle sensor comprising:

a shaft portion having a torsion bar;

arotation angle sensing portion for detecting rotation angle

of the shaft portion; and

a torque sensing portion for detecting angle of torsion of

the torsion bar;

wherein:

the rotation angle sensing portion improves its own detect-

ing accuracy by using results of detection by the torque

sensing portion;

the rotation angle sensing portion detects the rotation angle

of the shaft portion based on rotation angle of an input

side or an output side of the torsion bar which 1s used by
the torque sensing portion when detecting the angle of
torsion of the torsion bar:

the rotation angle sensing portion includes:

a {irst rotatable body which 1s joined to the shaift portion
and which rotates 1n synchronism with rotation of the
shaft portion;

a second rotatable body which 1s not joined to the shaft
portion and which rotates 1n synchronism with rota-
tion of the first rotatable body; and

a first sensing part for detecting rotation angle of the
second rotatable body; and

the second rotatable body rotates at a lower speed than the

first rotatable body.

2. A rotation angle sensor comprising;:

a shaft portion having a torsion bar;

arotation angle sensing portion for detecting rotation angle

of the shaft portion; and

a torque sensing portion for detecting angle of torsion of

the torsion bar:;

wherein:

the rotation angle sensing portion improves its own detect-

ing accuracy by using results of detection by the torque

sensing portion;

the rotation angle sensing portion detects the rotation angle

of the shaft portion based on rotation angle of an input

side or an output side of the torsion bar which 1s used by
the torque sensing portion when detecting the angle of
torsion of the torsion bar;

the rotation angle sensing portion includes:

a {irst rotatable body which is joined to the shaft portion
and rotates 1 synchronism with rotation of the shaft
portion;

a second rotatable body which rotates in synchronism
with rotation of the first rotatable body;
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a third rotatable body which rotates 1n synchronism with
rotation of the second rotatable body; and
first and second sensing parts for detecting rotation
angles of the second and third rotatable bodies; and
the ratio of the number of revolutions of the second rotat-
able body to the number of revolutions of the first rotat-
able body and the ratio of the number of revolutions of
the third rotatable body to the number of revolutions of
the first rotatable body differ from each other.
3. A rotation angle sensor comprising;:
a shaft portion having a torsion bar;

a rotation angle sensing portion for detecting rotation angle
of the shaft portion; and

a torque sensing portion for detecting angle of torsion of
the torsion bar;

wherein:

the rotation angle sensing portion improves 1ts own detect-
ing accuracy by using results of detection by the torque
sensing portion;

the rotation angle sensing portion detects the rotation angle

of the shaft portion based on rotation angle of an 1mnput
side or an output side of the torsion bar which 1s used by
the torque sensing portion when detecting the angle of
torsion of the torsion bar:

the torque sensing portion includes first and second

resolver mechanisms each having a resolver excitation
winding joined to the torsion bar and a resolver output
winding which outputs a signal corresponding to rota-
tion angle of the torsion bar produced by excitation by
the resolver excitation winding as a result of rotation of
the torsion bar, and

the first resolver mechanmism 1s disposed at the input side of

the torsion bar and the second resolver mechanism 1s
disposed at the output side of the torsion bar.
4. The rotation angle sensor as recited i claim 1, wherein
the torque sensing portion includes third and fourth rotatable
bodies which are joined respectively to the input side and the
output side of the torsion bar 1n such a manner that each of the
third and fourth rotatable bodies sandwiches the torsion bar,
whereby the torque sensing portion detects the angle of tor-
s1on of the torsion bar based on a difference between rotation
angles of the third and fourth rotatable bodies,
the rotation angle sensing portion includes a synchronizing
rotatable body which 1s joined to the shait portion and
rotates 1 synchronism with rotation of the third rotat-
able body, whereby the rotation angle sensing portion
detects the rotation angle of the shaft portion based on
rotation angle of the synchronizing rotatable body, and

the rotation angles of the third and fourth rotatable bodies
are corrected based on the rotation angle of the synchro-
nizing rotatable body.

5. The rotation angle sensor as recited 1n claim 4, wherein
the rotation angles of the third and fourth rotatable bodies are
corrected based on prestored data on correcting angles by
which the rotation angles of the third and fourth rotatable
bodies are to be corrected with reference to the rotation angle
of the synchronizing rotatable body.

6. The rotation angle sensor as recited in claim 1, wherein
the rotation angle sensing portion and the torque sensing
portion are configured as modules separately mounted on the
shaft portion, and

the module of the rotation angle sensing portion s disposed

at a steering column portion and the module of the torque
sensing portion 1s disposed at a steering gearbox portion.
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